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論 文 内 容 の 要 旨 
 
 Functions of the stomach are the storage, mixing and emptying of foods. These functions are 
achieved by gastric wall motility. Many experimental studies have been conducted to clarify motility 
of the stomach. However, the relationship between the gastric motility and functions remains unclear, 
because it is difficult to visualize and analyze gastric flow in experiments. Instead, numerical 
simulations have been conducted in the past, but previous numerical simulations have some drawbacks. 
Hence, the first objective of this study was to develop a numerical model to analyze the relationship 
between gastric motility and gastric function in detail.  
 Previous numerical studies succeeded in clarifying the basic structure of the flow, but the problem 
was that some characteristics of gastric motility, such as the velocity and frequency of peristalsis, were 
not considered. Gastric motility changes with various factors such as the viscosity of the gastric 
content. The second objective of this study is to investigate the relationship between the gastric 
motility and functions by using the numerical model. In particular, we focus on the relationship 
between the gastric motility and the gastric mixing. We developed a numerical model of the stomach 
with a realistic wall geometry, free surface and moving boundary modeling by using lattice Boltzmann 
method. The parameters of the peristaltic contractions directly measured by magnetic resonance 
imaging (MRI) or high-resolution (HR) mapping were employed. To accelerate the numerical 
simulation, graphics processing unit (GPU) computing were employed.  
 The second objective of this study was to investigate the relationship between the gastric motility 
and functions by using the numerical model. In Chapter 3, the relationship between the gastric motility 
and the mixing of liquid food in the stomach was presented. Two parameters of gastric motility were 
considered: the Reynolds number and Strouhal number. To quantify the gastric mixing, mixing 
efficiency was measured by the total strain per cycle or spacial gradient of time-averaged velocity. 
When a peristaltic contraction approaches the pylorus, retropulsive flow is generated in the antrum. 
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Flow separation then occurs behind the contraction. The extent of flow separation depends on the 
Reynolds number; no flow separation is observed at low Reynolds number, while an increase in 
reattachment length is observed at high Reynolds number. While mixing efficiency is nearly constant 
for low Reynolds numbers, it increases with the Reynolds number for high Reynolds numbers because 
of flow separation.  
 We also showed the effect of the Strouhal number on the gastric mixing. For low Reynolds numbers, 
retropulsive flow near the pylorus is localized around the contraction, and does not interfere with flow 
generated by the next contraction. For high Reynolds numbers, however, flow generated near the 
pylorus shows flow separation and reaches the proximal antrum. In the case of high Strouhal numbers, 
this flow interferes with the flow generated by the next contraction, resulting in a relatively small 
contribution of the next contraction to the flow field. This causes a lower mixing efficiency for high 
Strouhal numbers.  
 In Chapter 4, we presented the effect of terminal acceleration of peristaltic contractions on the 
gastric mixing. HR mapping has revealed that terminal acceleration occurs in the human stomach. 
More recently, the details of terminal acceleration were quantified. However, the roles of terminal 
acceleration in the gastric mixing was unclear. To investigate the effect of the terminal acceleration on 
the gastric mixing, we modified the numerical model of the stomach by using the data obtained from 
HR mapping. The propagation velocity of a contraction wave increases near the pylorus, leading to a 
local increase in the Reynolds number. For low Reynolds numbers, mixing efficiency remains constant 
and there is no significant effect of terminal acceleration. For high Reynolds numbers, mixing 
efficiency increases with terminal acceleration. An increase in the peristaltic velocity for the whole 
stomach may require large amounts of energy. Because flow generated near the pylorus  
dominates gastric mixing, a local increase in the propagation velocity by terminal acceleration should 
be an effective way to improve gastric functions.  
 In this study, we developed the numerical model of the stomach and investigate the relationship 
between gastric motility and functions. Our results cover almost all the physiological range of the 
Reynolds number, Strouhal number and terminal acceleration. Hence, this study will help to improve 
the knowledge about the relationship between gastric motility and gastric mixing. In addition, HR 
mapping of the slow waves and computational fluid dynamics are integrated in this study. This study 
will accelerate patient-specific numerical simulations of the digestive system. 
 
 
 
